Objective: given sparse research on the issue, this study sought to shed light upon the interactions of alexithymia, emotion processing, and social anxiety in adults with attention-deficit hyperactivity disorder (AdHd). Subjects and methods: 73 german adults with AdHd according to dsM-IV diagnostic criteria participated. we used the toronto Alexithymia scale (tAs-20) to assess alexithymia, the social Phobia scale (sPs) and the social Interaction Anxiety scale (sIAs) to assess different features of social anxiety, and we applied the german 'Experience of Emotions scale' (sEE) to measure emotion processing. Results: 40% of the sample were found to meet the dsM-IV criteria of social anxiety disorder, and about 22% were highly alexithymic according to a tAs-20 total score ≥ 61; however, the mean tAs-20 total score of 50.94 ± 9.3 was not much higher than in community samples. Alexithymic traits emerged to be closely linked to emotion processing problems, particularly 'difficulty accepting own emotions', and to social anxiety features. Discussion/conclusion: our findings suggest interactions of alexithymia, emotion processing dysfunction, and social anxiety in adults with AdHd, which may entail the therapeutic implication to thoroughly instruct these patients to identify, accept, communicate, and regulate their emotions to aid reducing interaction anxiety.
IntRoductIon dsM-IV criteria for AdHd comprise symptoms of hyperactivity/restlessness, impulsivity, and inattentiveness (APA, 1994). However, wender et al. [30] suggested four additional diagnostic categories ('disorganization', 'temper', 'affective lability', and 'emotional overreactivity'), of which three imply emotional dysregulation [21] . dysfunctional emotion processing in adult AdHd, however, may at least in part result from alexithymia [10] . Alexithymia, literally the "inability to read emotions", is characterized by difficulties identifying and describing own feelings, and an externally oriented cognitive style, related to concrete non-introspective thinking [11, 26] . Initially being delineated in psychosomatic patients [24] , the construct was used increasingly interdisciplinary in the last decades in psychological, neurobehavioral, and clinical research on general population samples [9, 18] and in diverse psychiatric conditions [5] , particularly depressive [14, 16] and anxiety disorders [17] . More recent investigations focused a connection between alexithymic traits and social anxiety [28] , lending support to the idea that difficulties identifying and communicating own emotions may present a major obstacle to social interaction [29] . to close the circle, social anxiety disorder emerged to be a frequent comorbid disorder in adults with AdHd [8] . However, the interaction of alexithymia, emotion processing, and social competence in hyperactive adults has been investigated sparsely [10, 20] , and there are no studies on the implications of 'low emotion identification skill' [27] with respect to emotion processing and social anxiety in adult AdHd. Hence, our aim was to assess these features, hypothesizing close associations between the perception and processing of emotions, and social anxiety disorder in adults with AdHd. suBJEcts And MEtHods PARtIcIPAnts 142 german adults from the AdHd outpatient unit of the dept. of Psychiatry, Ruhr university, Bochum, with the full dsM-IV criteria [1] of AdHd were contacted by mail and requested to participate in the study. 73 patients (51.4%) sent back complete questionnaires and gave full informed consent.
the sample comprised 34 female (46.6%) and 39 male (53.4%) individuals with a mean age of 40 ± 9.7 years (range 18-66); there were no significant age differences between females and males (t = 0.33; df = 61.07; P = 0.74). less than one third (30.5%) of the subjects had a higher education entrance qualification or an university degree; no significant gender difference emerged with respect to graduation levels (Mannwhitney U = 551; P = 0.26). 40 of the subjects (54.8%) had been diagnosed AdHd combined type, 33 (45.2%) had been given the diagnosis of AdHd predominantly inattentive type according to dsM-IV criteria; with AdHd subtypes we did not find any gender differences, either (c 2 = 1.24; df = 1; P = 0.27). 21 subjects (28.8%) of the sample were unmedicated, 15 (20.5%) were on antidepressants with catecholaminergic properties only, 23 (31.5%) were treated with methylphenidate alone, and 14 (19.2%) received a combination of methylphenidate with an antidepressant. Antidepressants were reboxetine 2-6 mg/d, venlafaxine 37,5-150 mg, duloxetine 30-90 mg/d, and bupropion 150-300 mg/d; methyl pheni date dosage was 24.42 ± 10.94 mg/d. gender differences were found neither regarding norepinephrine reuptake inhibitors (c 2 = 2.07; df = 1; P = 0.15) nor regarding methylphenidate (c 2 = 1.22; df = 1; P = 0.27), but there was a trend for patients with AdHd combined type having been treated more frequently with methylphenidate solely than subjects with AdHd predominantly inattentive type (c 2 = 5.31; df = 1; P=0.021). no significant differences between AdHd subtypes emerged regarding age (t = 0.77; df = 63.80; P = 0.44), education (t = 1.18; df = 69.63; P = 0.24), or gender (c 2 = 1.25; df = 1; P = 0.26). the mean number of comorbid axis-I disorders was 1.57 ± 1.04 (range 0-4), the mean number of comorbid axis-II disorders was 1.60 ± 1.18 (range 0-3); no gender differences emerged as to the frequencies of additional axis-I or axis-II comorbidity (t = -0.85; df = 68; P = 0.39; t = 0.04; df = 68; P = 0.97). Main axis-I disorders were anxiety disorders, and, to a lesser extent affective disorders and substance misuse; cluster c personality disorders, mainly obsessive compulsive and avoidant personality disorder, were more frequent than cluster B disorders.
AssEssMEnt oF AlExItHyMIA And EMotIon PRocEssIng
Alexithymia was assessed using the toronto Alexithymia scale (tAs-20), a self-report questionnaire containing 20 items rated on a 5-point scale, yielding possible total scores ranging from 20 to 100. tAs-20 includes three components: [1] difficulty identifying feelings ("I am often confused about what emotion I am feeling"; "when I am upset, I don't know if I am sad, frightened or angry"), [2] difficulty communicating feelings to others ("I find it hard to describe how I feel about people"; "I am able to describe my feelings easily"), and [3] externally oriented thinking ("I find examination of my feelings useful in solving personal problems"; "I prefer to watch 'light' entertainment shows rather than psychological dramas"). the measure has shown high internal consistency, good testretest reliability, and convergent, discriminant and concurrent validity [2, 3] . Bagby and taylor [4] preliminary suggested a tAs-20 total score of ≥ 61 to indicate high alexithymia. According to this we divided the sample into a higher alexithymia group and a lower alexithymia group. Furthermore, we used the german sEE ("skala zum Erleben von Emotionen", best translated "Experience of Emotions scale"), a self-report instrument which allows the registration of a subject's attitude towards his or her own emotions, and the assessment of several emotion processing manners. that questionnaire comprises 42 items and 7 subscales: 1. 'acceptance of own emotions'; 2. 'experience of being flooded with emotions'; 3. 'experience of lack of emotions'; 4. 'physical symbolization of emotions'; 5. 'imaginative symbolization of emotions'; 6. 'experience of emotion regulation'; 7. 'experience of self-control'. sEE has shown good internal consistency, very good test-retest reliability, and entirely satisfactory convergent, discriminant and concurrent validity [7] .
AssEssMEnt oF AdHd, socIAl PHoBIA And otHER AxIs-I dIsoRdERs diagnoses of AdHd were established while patients were drug-naïve, using the wender utah Rating scale (german wuRs-k) [22] to retrospectively assess childhood AdHd symptoms, and an interviewer-rating instrument to assess dsM-IV criteria for an AdHd in adulthood [23] . to measure AdHd symptom extent we summarized dsM-IV A-criterion AdHd symptoms [scale 0-10] within each of the AdHd symptom domains (i.e., inattentiveness=symptom 1-9; hyperactivity=symptom 10-15; impulsivity=symptom [16] [17] [18] . the diagnosis of social phobia was made using the International diagnostic checklist for dsM-IV (Idcl) [12] . For all other axis-I diagnoses, and for axis-II diagnoses, we used the german version of the scId-I/II [31] . to measure two distinct features of social anxiety, we applied the german version [25] of the social Phobia scale (sPs) [15] and the german version [25] of the social Interaction Anxiety scale (sIAs) [15] during treatment process. sPs is a self-rating instrument with 20 dimensional items [0 = strongly disagree; 1 = disagree; 2 = neither agree nor disagree; 3 = agree; 4 = strongly agree] which records fears of an individual to be in the focus of attention of other persons who might negatively appraise the individual's social performance such as public speaking, eating or writing (e.g., "I can get tense when I speak in front of other people"). the internal validity (cronbach's a=0.94) of the sPs in patients with social phobia and its test-retest reliability (r=0.96 after three weeks) were high [25] . Mean sPs score within a larger group of sociophobic subjects was 28.6 versus 6.8 in healthy controls (mean sPs score in patients with depressive and anxiety disorders was 19.1; with pure depressive disorder: 15.9; with sole anxiety disorder: 13.6). stangier et al.
[25] suggested a cut-off of 22 to separate individuals with social phobia from patients with other disorders within a clinical collective. In addition, sIAs, also consisting of 20 dimensional items (see above), and also yielding high internal validity (cronbach's a = 0.94) and test-retest reliability (r = 0.92 after three weeks), was used to assess anxiety in situations of social interaction, in which conversations with friends, strangers or possible partners have to be initiated and maintained (e.g., "I am tense mixing in a group"). Mean sIAs score within a larger group of individuals with social phobia was 48.8 versus 12.5 in healthy controls (mean sIAs score in patients with depressive and anxiety disorders was 30.2; with sole depressive disorder: 28.0; with sole anxiety disorder: 21.6). stangier et al. [25] suggested a cut-off of 33 to separate individuals with social phobia from patients with other disorders within a clinical collective.
stAtIstIcAl AnAlysEs statistical analyses were carried out using sPss version 12.0 for windows. we applied t-tests for equality of means (independent samples tests) to analyze gender differences regarding tAs-20, sEE, sPs and sIAs. A MAncoVA was conducted in order to compare subjects with AdHd plus social phobia and pure AdHd regarding sEE scales while eliminating confounding effects of methylphenidate and antidepressive medication. differences in tAs-20, sPs and sIAs between these two groups were analyzed with an AncoVA. one-sample Kolmogorov-smirnov test yielded normal distribution of all residuals except for sPs. to parallel non-metric data (education) resp. to confirm the results of an AnoVA with not normaly distributed errors (sPs) we used the Mann-whitney u-test. Furthermore, Pearson's correlations were computed for metric data. chi-square test was applied to examine the frequency distribution of dichotomic variables (i.e., gender, occurrence of social phobia, and AdHd subgroup). Because of multiple testing only results with a significance level at P<0.01 were interpreted. two-tailed significance tests were conducted because no a-priori hypothesis was stated regarding the direction of differences. dIscussIon A considerable rate of highly alexithymic adults (22.2% with a tAs-20 total score ≥ 61) was identified in the sample of this study and the mean tAs-20 total score was 50.94 (± 11.77). For comparison, Franz et al. [9] reported a mean tAs-20 total score of 49.5 (± 9.3) in men and 48.2 (± 9.3) in women within a representative random sample of the german general population comprising 1859 subjects. these findings do not differ grossly from the mean tAs-20 total value in our clinical sample. However, compared to our results, Franz et al. detected only about half the portion of highly alexithymic individuals, 99 men (5.3%) and 86 women (4.6%). within a large community sample (n = 1933) Parker et al. [18] found mean tAs-20 values of 45.57 ± 11.35 (total score), 14.38 ± 5.21 ('difficulty identifying feelings'), 12.50 ± 4.20 ('difficulty describing feelings'), and 18.70 ± 4.72 ('externally oriented thinking'). our results contrast these findings with respect to a moderately higher tAs-20 total score (see above) and a moderately higher 'difficulty identifying feelings' score (18.06 ± 6.31) in adults with AdHd which may indicate a specific emotion processing difficulty in these individuals. the tAs-20 total score of our subjects was of comparable magnitude as Friedman et al. [10] found in 21 adults with AdHd (50.5 ± 11.9). compared to a german random community sample [7] , mean sEE values in this study were in a medium range as to 'experience of being flooded with emotions', 'physical symbolization of emotions', 'imaginative symbolization of emotions', and 'experience of emotion regulation'. In contrast, 'acceptance of own emotions' and 'experience of self-control' values were in a low range, and mean 'experience of being flooded with emotions' score was in a high range. these findings are in accordance with the results of Rapport et al. [20] who reported AdHd adults to experience a EuRoPEAn JouRnAl oF MEdIcAl REsEARcH september 24, 2010 407 greater intensity of emotions than normal controls. Moreover, 'low experience of self-control' may reflect general inhibitory deficits in adults with AdHd [6] . to our knowledge, the issue of low 'acceptance of own emotions' in adult patients with AdHd has not yet been reported explicitly. However, mindful acceptance of own emotions is one of the crucial aims of dialectical Behavioral therapy (dBt) developed by M. linehan [13] , a structured skills training program, combining cognitive behavioral approaches with meditation techniques to enhance mindfulness. this concept has been adapted to the treatment of adults with AdHd [11, 19] . lack of 'acceptance of own emotions' was associated with alexithymia, due to higher correlations with 'difficulty identifying feelings' and 'difficulty describing feelings', but not due to 'externally oriented thinking'. However, 'difficulty identifying feelings' was rather associated with 'experience of being flooded with emotions', and 'difficulty communicating feelings' was rather linked to 'experience of lack of emotions', relations that ought to be studied further in order to comprehend the complexity of affect recognition, emotion processing and social behavior in adults with AdHd; for instance, it remains to be clarified whether the experience of being flooded with emotions is rather a consequence of an alexithymic trait indicating difficulties in identifying own feelings, or provoke difficulties in identifying feelings as an alexithymic state. Analogously, the causality between difficulties describing or communicating feelings and the experience of lack of emotions ought to be investigated. the prevalence of social anxiety was about 40% in our sample. Mean sPs and sAIs values were in about the ranges of those patients with combined depression and anxiety according to stangier et al. [25] . Both social anxiety scales were associated with several items of tAs-20 and sEE scales, indicating close ties between social anxiety on the one hand, and alexithymia (particularly 'difficulty identifying feelings') and other emotion processing features (particularly 'acceptance of own emotions') on the other hand.
the highly alexithymic subjects in our sample displayed significantly fewer 'acceptance of emotions', fewer 'experience of self-control' and more 'experience of being flooded with emotions', more 'experience of lack of emotions', more 'imaginative symbolization of emotions', and more social interaction anxiety. conclusIon these findings confirm our proposition of an interaction of alexithymia, acceptance of own emotions, the strain of a distorted emotionality (i.e., too intensive or too sparse feelings, respectively), and social anxiety in adults with AdHd. we particularly suggest that alexithymia may be a major risk factor for emotion regulation deficits in adult AdHd, and social anxiety disorder be a possible sequela of such emotion processing dysfunction. diagnostic procedures in adults with AdHd should therefore consider the respective relationship of emotion processing and social interaction, especially since AdHd is not simply a matter of cognitive deficits. therapeutic implications may be to thoroughly instruct adults with AdHd to identify, accept, regulate, and communicate own emotions to limit the risk of interaction anxiety. Particularly the mindfulness-based structured skills training for adult AdHd constructed by colleagues in Freiburg [11, 19] may encourage patients to accept own feelings in order to handle and communicate them adequately. As a result social interaction problems including social anxiety could be reduced.
to address the limitations of our study, we used a retrospective design and data assessment was mainly based on self-rating instruments.
